The effect of plasma screening on the electronic and vibrational properties of the H 2 + molecular ion was analyzed within the Born-Oppenheimer approximation. When a molecule is embedded in a plasma, the plasma screens the electrostatic interactions. This screening is accounted for in the Schrödinger equation by replacing the Coulomb potentials with Yukawa potentials that incorporate the Debye length as a screening parameter. Variational expansions in confocal elliptical coordinates were used to calculate energies of the 1s g and the 2p u states over a range of Debye lengths and bond distances. When the Debye length is comparable to the equilibrium bond distance, the plasma screening reshapes the potential energy curve. Expectation values, dipole polarizabilities and spectroscopic constants were calculated for the 1s g state.
Introduction
The interaction of atomic systems with plasmas has been studied extensively [1] [2] [3] [4] [5] [6] [7] [8] [9] and that work has recently been extended to molecular systems [10, 11] . Plasma embedding is modeled by replacing the Coulomb potentials of the free system with Yukawa potentials [1, 2] where the screening of the plasma is parameterized by the Debye length. It has been shown [10] [11] [12] [13] [14] that decreasing the Debye length is accompanied by a decrease in the binding energy. In this work we investigated the effect of plasma embedding on the potential energy curves of the 1s g and 2p u states of the H 2 + molecular ion. H 2 + was chosen because atomic and molecular hydrogen are abundant in interstellar matter and are of interest in astrochemistry [15] . The 1s g state is the prototype for molecular bonding while the 2p u state is an example of a van der Waals molecule [16] that is bound at internuclear separations greater than R = 10.41 a 0 . The effects of plasma embedding on the bonding behavior of these two states are described in this Letter. We also investigated the effects of Debye screening on the quadrupole moment integrals, parallel and perpendicular dipole polarizabilities, Dunham coefficients, harmonic force constants and harmonic frequencies of the 1s g state.
Calculational method
Within the Born-Oppenheimer approximation, the Schrödinger equation in atomic units for
where r A and r B are the distances from the electron to nuclei A and B and R is the internuclear separation. This equation is most easily solved in confocal elliptical coordinates defined as
where  is the angle of rotation about the internuclear axis. The Schrödinger equation for  states of H 2 + is now
Equation 3 is separable and has an analytic solution as the product of two infinite series [17, 18] .
When an atom or molecule is embedded in a hot, dense plasma, the electrostatic interactions between the particles are screened by the plasma. The Debye-Hückel theory -first formulated in the theory of electrolytes [19] 
where D, the Debye length, is a measure of the distance over which the Coulomb potential is 
where the   P  are the Legendre polynomials of degree . This form of wavefunction was chosen so as to include terms similar to those used in the exact calculation [17, 18] . 
For each value of D we fitted a polynomial through the points around the minimum in the energy curves to find the equilibrium separation, R e , and the energy at R e .
The quadrupole moment integrals
depend on the wavefunction at distances from the nuclei that are greater than those which effectively determine the energy [20] and their dependence on D is thus of some interest. They can also be used in the 
The fitting parameters can then be used to find the harmonic force constant (k e ) and the harmonic frequency ( e ).
Results and discussion
1  g s energies were calculated over the range R = 1 -10 a 0 for D = 50, 20, 10, 5, 2 and 1.
The calculation used the metric + m  10, m = even, giving a 36-term wavefunction. 1  g s energies are given in Table 1 and are shown graphically in Figure 1 . The effect of screening is more easily seen by calculating the potential energy curve  
and gives the energy of the screened molecular ion relative to   H ED , the energy of a screened hydrogen atom with the same value of D . The depth of these curves at R e is the dissociation energy of the embedded molecular ion, D e .
 
H ED was calculated using the p-FEM method [25] . Results from the p-FEM method were consistent with [14] and with the recent work of Paul and Ho [26] . Values of the equilibrium internuclear separation and dissociation energy are included in Tables 1 and 2.   Tables 3 -5 show the dependence on D of a variety of 1  g s electronic and spectroscopic
properties. In all cases, they were evaluated at the value of R e corresponding to the equilibrium nuclear separation for that choice of D. Table 3 8), provide lower bounds to the polarizability, we interpret this increase as consistent with a more diffuse, and thus more polarizable, electron distribution. In summary, the electronic and vibrational properties of H 2 + embedded in a Debye plasma are significantly affected when D  R e . The dissociation energy is reduced, the equilibrium internuclear separation increases, the polarizability increases and vibrational force constant is reduced. While the dipole polarizabilites calculated in this work were for a static electric field, it would be of interest to investigate effect of plasma embedding on the dynamic polarizabilies.
This investigation is one of our goals. 
